Introduction {#s0005}
============

Breast cancer is the most frequent malignancy in female worldwide and results in the second leading cause of woman cancer death. It is a major heath burden in female [@b0005]. Based on the absence or presence of molecular markers of estrogen receptor α (ERα), progesterone receptor (PR) and human epidermal growth factor 2 (HER2), breast cancer is categorized into 3 major subtypes: Luminal (hormone receptor positive), HER2-enriched and triple-negative (lacking the 3 molecular markers) [@b0010]. ERα is a nuclear receptor composed of several domains: Activation function domain-1 (AF1) domain at the N-terminus and activation function domain-2 (AF2) at the C-terminus, which recruit transcriptional coregulators, and DNA-binding domain (DBD) that binds to the estrogen response elements of its target genes [@b0015].

ERα has a crucial role in the initiation and progression of breast cancer, over 70% of all breast cancer cases are driven by ERα [@b0020]. The activity of ERα is mainly regulated by estrogen and is essential for the transition of cell cycle. Overexpression of ERα increases the oncogenic proteins expression levels, such as cyclin D1 and c-myc, which promote breast cancer cell growth via accelerating the G1--S phase transition [@b0025]. Since ERα and its signaling pathways are necessary for the progression of luminal type of breast cancers, it is important to detect ERα for the administration of endocrine therapy: including hormone depletion and ERα antagonists. Previous studies demonstrated that application of anti-estrogen treatment can benefit ER‐positive breast cancer patients, while half of the patients will develop acquired resistance and suffer from relapse or even death [@b0030]. Thus, understanding the underlying mechanisms and insight into the novel modulatory factors of estrogen signaling might identify promising treatment strategies in dealing with ER‐positive breast cancer patients with endocrine resistance.

Previous studies demonstrated that estrogen signaling in breast cancer cell could be facilitated by a group of ubiquitin ligases. The ubiquitination of ERα does not necessary lead to proteasomal degradation. RNF8, RNF31 and SHARPIN increases ERα stability via triggering ERα mono-ubiquitination [@b0035], [@b0040], [@b0045]. TRIM56 increases ERα protein stability and enhances ERα signaling activity through targeting ERα K63-linked ubiquitination [@b0050]. In the current study, we identify the E3 ubiquitin ligase TRIM11 as a novel ERα modulation factor which can promote ERα signaling activity. Recently, TRIM11 was found elevated in several tumor, including glioma, lung cancer and hepatocellular carcinoma cancer, which acts as an oncogene [@b0055], [@b0060], [@b0065], [@b0070]. However, the function of TRIM11 in breast cancer remains largely unclear. Our present study reveals TRIM11 as a novel modulatory factor of ERα, which could control the ubiquitination and stability of ERα, and thereby regulated estrogen-dependent gene expression and tumor progression.

Materials and methods {#s0010}
=====================

Breast cancer tissue microarray and immunohistochemistry {#s0015}
--------------------------------------------------------

Commercial tissue microarrays were purchased from Shanghai Outdo Biotech (Shanghai, China). Specific primary antibodies against TRIM11 (Proteintech, China) and ERα (Proteintech, China) were used for IHC. The immunohistochemical score were assessed as we previously described [@b0075].

Cell culture {#s0020}
------------

HEK293T cells and ERα-positive breast cancer cell lines MCF-7, and T47D were obtained from the American Type Culture Collection (ATCC; Rockville, MD, USA). HEK293T and MCF7 were maintained in DMEM (Irvine Scientific, Carlsbad, CA) supplemented with 10% fetal bovine serum (FBS). T47D cells were cultured in RPMI/1640 medium (Gibco, Carlsbad, CA) supplemented with 10% FBS. All cells were cultured at 37 °C in a humidified 5% CO~2~ incubator.

Plasmids and RNA inference {#s0025}
--------------------------

The wild type TRIM11 and its mutant constructs were obtained from Hanbio Biotechnology Co. Ltd. (Shanghai, China). The ERα full- and deletion constructs were kindly presented from Pro. Ting Zhuang and were previously described [@b0080]. The HA-K6, -K11, -K27, -K29, -K33, -K48, -K63, -K0 and -Ub plasmids were acquired from Addgene. The Estrogen-Response-Element (ERE)-TK reporter and renilla plasmids were gifted from Pro. Ting Zhuang and were described in previous study [@b0080]. Plasmids were transfected by Lipofectamin 2000 (Invitrogen, Carlsbad, CA, USA). Cells were transfected with 50 nM small interfering RNAs using Lipofectamin RNAiMAX (Invitrogen, Carlsbad, CA, USA). The TRIM11 siRNA sequences used were: siRNA \#1: 5′-CCAACCGCCCGCUUGCUAA-3′; siRNA \#2: 5′- GGGUGAGUUCGAGCGUCUU-3′.

RNA extraction and qPCR analysis {#s0030}
--------------------------------

The total RNA was extracted from the cancer cells using the RNeasy Mini Kit (Qiagen, Germany). Reverse transcription was performed using the HiScript II 1st Strand cDNA Synthesis Kit (Vazyme, China). qRT-PCR was performed using the ChamQ SYBR qPCR Master Mix (Vazyme) with the CFX96TM Real-time PCR Detection System (Bio-Rad, USA). Relative expression was calculated using the 2^−ΔΔCt^ method, which was normalized to 36B4. All assays were performed in triplicates.

Proliferation, cell cycle and colony formation assay {#s0035}
----------------------------------------------------

MCF7 and T47D cells were transfected with SiTRIM11 or SiControl in 6-well plates. Forty-eight hours after transfection, the cells were seeded (2 × 10^3^ cells/well) in 96-well plates and cell viability was measured using Cell Counting Kit-8 (CCK8) every 24 h. Cells transfected with SiTRIM11 or SiControl for 48 h were stained with propidium iodide (Multisciences, China) and analyzed by flow cytometer (Beckman, USA), The cell cycle phases were determined by relative DNA content. For the colony formation assay, cells were treated with 50 nM TRIM11 siRNA or 50 nM siControl, after 48 hours, the cells were typsinized and seeded (1--1.5 × 10^3^ cells/well) in 6-well plates and maintained in complete medium for 2 weeks. The cells were fixed with 4% paraformaldehyde for 2 h, and stained with 1% crystal violet.

Wound-healing assay {#s0040}
-------------------

Cells were seeded into 6-well plates and transfected with TRIM11 siRNA or siControl. When full confluent, the cell layer was scratched with a 200 μl sterile pipette tip and washed with PBS. Cells were maintained in the medium containing 1% FBS and wound distance was measured every 24 h.

Luciferase assay {#s0045}
----------------

The Dual-Luciferase Reporter kit (Promega, Germany) was used to measure the luciferase activity of ERE luciferase reporter. The ERE luciferase reporter and Renilla plasmid were transfected together into the cells. Luciferase activity was detected after 24 h.

Co-immunoprecipitation assay {#s0050}
----------------------------

Total cell lysis of MCF7 were precleared with rabbit IgG for 2 h and then immunoprecipitated with ERα (Cell Signaling Technology, \#8644) or TRIM11 (Proteintech, 10851-1-AP) antibody overnight, while rabbit IgG (Santa Cruz) was used as the negative control. The bounded protein was analyzed by Anti- ERα or Anti-TRIM11 antibody.

Immunofluorescence assay {#s0055}
------------------------

MCF7 cells cultured on 14 mm slides in 24-well plates were fixed in 4% paraformaldehyde at room temperature for 30 min. After washing with PBS for 3 times, the cells were blocked with 10% goat serum and incubated with primary antibodies against ERα (mouse, Santa Cruz), and TRIM11 (rat, Proteintech) at 4 °C overnight. Followed by incubating with FITC- and Cy3-conjugated secondary antibodies. The images were examined with EVOS™ M5000 Imaging System.

Protein stability assays {#s0060}
------------------------

MCF7 and T47D cells were seeded in 24-well plates and transfected with siTRIM11 or siControl. After 24 h, cells were treated with 100 μM cycloheximide (MCE) for indicated time points. Western blot was performed to detect ERα degradation.

Western blot analysis {#s0065}
---------------------

The breast cells were lysed with RIPA extraction reagent (Beyotime, China) supplemented with protease inhibitors (Sigma-Aldrich, USA). Total protein was separated using 10--12.5% sodium dodecyl sulfate polyacrylamide gel electrophoresis and transferred to 0.45 μm PVDF membrane (Millipore, USA). Primary antibodies were ERα (Cell Signaling Technology, \#8644), TRIM11 (Proteintech, 10851-1-AP), HA (Proteintech, 51064-2-AP), Myc (Proteintech, 60003-2-Ig), GAPDH (Proteintech, 60004-1-Ig) antibodies. Bands were visualized using an enhanced chemiluminescence (ECL) kit (Boster, China) and detected by ChemiDoc XRS + Imaging System (Bio-Rad).

RNA sequence analysis {#s0070}
---------------------

The RNA sequence analysis (siControl and siTRIM11) was performed by Beijing Genomic Institute (BGI). The RNA sequence data are deposited in the SRA database. The RNA sequence data are available at [www.ncbi.nlm.nih.gov/bioproject/PRJNA609245/](http://www.ncbi.nlm.nih.gov/bioproject/PRJNA609245/){#ir015}.

Statistical analysis {#s0075}
--------------------

Student's *t* test and one-way ANOVA were used to compare 2 and more groups respectively. Multiple comparison with Bonferroni correction was performed when appropriate. A *P* value \<0.05 was considered as statistically significant and all tests were two-tailed. All statistical tests were performed with Prism 7.0 (GraphPad, USA).

Results {#s0080}
=======

TRIM11 is associated with ERα protein levels in human breast cancer samples and poor prognosis {#s0085}
----------------------------------------------------------------------------------------------

Based on the analysis of publicly available data from TCGA, we found that TRIM11 expression was elevated in breast cancer, especially in the luminal subtype ([Fig. S1](#s0145){ref-type="sec"}A, B). Survival analysis of TCGA, GSE6532 (ER-positive breast cancer patients) and GSE9195 (ER-positive breast cancer patients treated with tamoxifen) revealed that high expression of TRIM11 was associated with poor prognosis of breast cancer patients ([Fig. S1](#s0145){ref-type="sec"}C--H). We then analyzed the correlation between TRIM11 and ERα target genes expression, our results indicated expression of TRIM11 was positively correlated with TFF1, GREB1 and PDZK1 ([Fig. S1](#s0145){ref-type="sec"}I--M). We performed IHC analysis by using two tissue microarrays (TMA) collaborated with Shanghai Outdo Biotech (Shanghai, China). The results demonstrated that TRIM11 staining was positively associated with ERα and high expression of TRIM11 correlated with worse clinical outcome ([Fig. S2](#s0145){ref-type="sec"}).

TRIM11 promotes ERα-positive breast cancer cell proliferation {#s0090}
-------------------------------------------------------------

We explored the potential role of TRIM11 using two ERα-positive breast cancer cell lines, MCF7 and T47D. Depletion of TRIM11 significantly inhibited cell proliferation and induced G1 phase arrest ([Fig. 1](#f0005){ref-type="fig"}A, B). Clone formation capability was also decreased by TRIM11 knockdown ([Fig. 1](#f0005){ref-type="fig"}C). In agreement, as evaluated by EdU incorporation assay, DNA synthesis was inhibited by TRIM11 depletion ([Fig. 1](#f0005){ref-type="fig"}D, E). Besides, wound-healing assay showed that TRIM11 knockdown significantly decreased cell migration capacity of MCF7 and T47D cells ([Fig. 1](#f0005){ref-type="fig"}F, G). We then depleted TRIM11 in MDA-MB-231 cells (ER-negative breast cancer cell line), our results demonstrated TRIM11 depletion had little effect on the proliferation and migration capabilities of MDA-MB-231 cells, suggesting the phenotypic dependence is specific to ER-positive cell lines ([Fig. S3](#s0145){ref-type="sec"}). Furthermore, we performed a rescue experiment by overexpressing ERα in TRIM11-knockdown cells to verify whether the functions of TRIM11 in cell proliferation and migration require ERα. Increased ERα expression recovered the effect of TRIM11 knockdown ([Fig. S4](#s0145){ref-type="sec"}), indicating that TRIM11 promotes breast cancer cell proliferation and migration via the regulation of ERα.Fig. 1TRIM11 depletion inhibits ERα-positive breast cancer cell proliferation and migration. (A). TRIM11 depletion inhibits the cell proliferation in breast cancer cells. (B). TRIM11 depletion induces G1 cell cycle arrest in breast cancer cells. (C). TRIM11 depletion decreases clone formation capability of breast cancer cells. (D, E). Representative images of EdU assay of breast cancer cells. (F, G). Wound-healing assay of breast cancer cells. \*, *P value \< 0.05; \*\*, P value \< 0.01; \*\*\*, P value \< 0.001.*

TRIM11 knockdown inhibits ERα signaling activity {#s0095}
------------------------------------------------

The RNA sequence analysis (siTRIM11 and siControl) was performed to approach the function of TRIM11. The results demonstrated that TRIM11 knockdown significantly decreased ERα target genes expression in MCF7 cells. And we noticed that estrogen signaling pathway was significantly suppressed upon TRIM11 depletion. ([Fig. 2](#f0010){ref-type="fig"}A, B). We used two different individual siRNAs which could significantly decrease TRIM11 expression to further addressed the function of TRIM11 ([Fig. 2](#f0010){ref-type="fig"}C). It was shown that TRIM11 knockdown significantly decreased ERα protein level and ERα target genes expression (PS2, GREB1 and PDZK1) in both MCF7 and T47D cells ([Fig. 2](#f0010){ref-type="fig"}D--F). In addition, depletion of TRIM11 could decrease ERα protein level and target genes expression in both estrogen and vehicle conditions ([Fig. 2](#f0010){ref-type="fig"}G--I). Consistently, ERα reporter gene activity was inhibited in the presence or absence of estrogen when TRIM11 knocked-down ([Fig. 2](#f0010){ref-type="fig"}J, K). These results indicated that TRIM11 might be a potential regulator of ERα signaling pathway.Fig. 2TRIM11 depletion decreases ERα signaling activity in breast cancer cells. (A). Heatmap shows the ERα regulating genes are significantly inhibited by TRIM11 depletion in MCF7 cells. (B). Suppressed pathways in MCF7 cells upon TRIM11 depletion (C). TRIM1 depletion effect by two different siRNA oligos. Breast cancer cells are transfected with two independent TRIM11 siRNAs or siControl. After 48 h, TRIM11 mRNA levels are determined by qRT-PCR. 36B4 was used as internal control. (D). TRIM11 depletion decreases ERα protein level. (E, F). TRIM11 depletion decreases ERα target genes using two different siRNA oligos. (G). TRIM11 depletion decreases ERα protein level in the presence of estrogen. Breast cancer cells were transfected with siTRIM11 or siControl. After 48 h, cells were treated with either ethanol or 10 nM estrogen for 6 h. TRIM11 and ERα protein levels were determined by the western blot analysis. (H, I). TRIM11 depletion decreases ERα target genes in the presence of estrogen. Breast cancer cells were transfected with siTRIM11 or siControl. After 48 h, cells were treated with either ethanol or 10 nM estrogen for 6 h. Total RNA was prepared and the expression of the endogenous ERα target genes, PS2, GREB1, and PDZK1 were determined by qRT-PCR. (J, K). TRIM11 depletion affects ERE-luciferase activity. Breast cancer cells were transfected with siTRIM11 or siControl together with ERE luciferase reporter plasmid. Cells were treated with 10 nM estrogen or vehicle. Luciferase activity was measured 48 h after transfection. \*, *P value \< 0.05; \*\*, P value \< 0.01; \*\*\*, P value \< 0.001.*

TRIM11 associates with ERα and enhances ERα stability {#s0100}
-----------------------------------------------------

The results of immunostaining indicated that ERα mainly localized in the nucleus, while TRIM11 localized in both the nuclear and cytoplasmic. Co-immunoprecipitation showed that TRIM11 could interact with ERα ([Fig. 3](#f0015){ref-type="fig"}A, B). Nuclear and cytoplasmic separation assay demonstrated that TRIM11 interacted with ERα in the cytoplasm ([Fig. 3](#f0015){ref-type="fig"}C). TRIM11 depletion significantly decreased ERα protein level, while in the presence of the proteasome inhibitor MG132, ERα protein level was not further regulated by TRIM11 ([Fig. 3](#f0015){ref-type="fig"}D, E). In the protein stability assay, TRIM11 depletion significantly decreased ERα protein stability in MCF7 and T47D cells upon inhibition of protein synthesis by cycloheximide ([Fig. 3](#f0015){ref-type="fig"}F, G).Fig. 3TRIM11 associates with ERα and increases its stability. (A). Intracellular localization analysis of TRIM11 and ER alpha by immunofluorescence assay. (B). Co-IP assay reveals association between endogenous TRIM11 and ERα in MCF7 cells. MCF7 cells were harvested with RIPA lysis buffer. Co-IP was performed using antibody as indicated. (C). TRIM11 is mainly localized in the cytoplasm and associates with ERα in the cytosol. The subcellular protein fractionation kit (Thermo Scientific, 78840) was used for cytoplasm and nuclear separation. Tubulin and Histone-3 were used for cytoplasm and nuclear control. (D, E). In the presence of the proteasome inhibitor MG132, depletion of TRIM11 did not further decrease ERα protein levels. Breast cancer cells were transfected with siTRIM11 or siControl. After 48 h, cells were treated with 10 µM MG132/vehicle for 6 h, cell lysates were prepared for western blot analysis. (F, G). TRIM11 depletion decreases ERα half-life in breast cancer cells. Breast cancer cells were transfected with siTRIM11 or siControl. After 48 h, cells were treated with 100 µM cycloheximide/vehicle for indicated times. Cell lysates were prepared for western blot analysis.

Mapping of the binding region between TRIM11 and ERα {#s0105}
----------------------------------------------------

ERα has the three functional domains: AF1, DBD and AF2. The deletion mutants were constructed as follows: ΔAF1 domain (ERα-180--595), ΔAF1 + ΔDBD domain (ERα-300--595), ΔAF2 domain (ERα-1--300) and ΔAF2 + ΔDBD domain (ERα-1--180). As a member of the tripartite motif (TRIM) family, TRIM11 is composed of a RING, a B-box type 1 and a B-box type 2, a coiled-coil region, and a C-terminal PRY-SPRY (PS) motif. We constructed TRIM11 deletion mutants lacking each of the individual domains (ΔR, ΔBB, ΔCC and ΔPS) to identify the domain(s) of TRIM11 that mediates the interaction with ERα ([Fig. 4](#f0020){ref-type="fig"}A, B). Co-IP assay indicated that ΔAF1 domain was necessary to interact with TRIM11 ([Fig. 4](#f0020){ref-type="fig"}C). TRIM11-ΔBB, ΔCC and -ΔPS retained the ability to interact with ERα. However, TRIM11-ΔR completely lost this ability ([Fig. 4](#f0020){ref-type="fig"}D).Fig. 4TRIM11 associates with ERα AF1 domain through its RING domain. (A, B). ERα and TRIM11 domain structure and deletion mutants used in the study. (C). TRIM11 interacts with ERα through its AF1 domain. HEK293 cells were transfected with 2 µg Myc-TRIM11 together with HA-ER alpha full length or mutants. After 24 h, cells were harvested with NP-40 lysis buffer. Co-IP was performed using Myc antibody. The possible interacted ERα domains were detected by HA antibody. (D). RING domain is required for TRIM11 to interaction with ERα. HEK293 cells were transfected with 2 µg HA-ER alpha together with Myc-TRIM11 full length or mutants. After 24 h, cells were harvested with NP-40 lysis buffer. Co-IP was performed using HA antibody. The possible interacted TRIM11 domains were detected by Myc antibody.

TRIM11 stabilizes ERα possibly through mono-ubiquitination {#s0110}
----------------------------------------------------------

We also performed ubiquitination assay with a series of mutant ubiquitin. We found that TRIM11 significantly increased the mono-ubiquitinated ERα while decreased K11-, K27- and K48-dependent polyubiquitination on ERα protein. In addition, depletion of TRIM11 dramatically decreased mono-ubiquitination of endogenous ERα in MCF7 cells ([Fig. 5](#f0025){ref-type="fig"}). We then transfected TRIM11 and its deletion constructs together with ERα into HEK293 cells to identify the functional domain of TRIM11 to modulate ERα ubiquitination. TRIM11-ΔR completely lost the ability to promote ERα mono-ubiquitination and inhibit K11-, K27- and K48-linked polyubiquitination of ERα. While TRIM11-ΔBB, ΔCC and -ΔPS retained this ability ([Fig. 6](#f0030){ref-type="fig"}). We used a mutant of TRIM11 to further examine the role of the RING domain, two conserved Cys resides involved in Zn^2+^ binding (Cys16 and Cys19) in the RING domain were changed to Ala (TRIM11-2CA) ([Fig. S5](#s0145){ref-type="sec"}A). TRIM11-2CA exhibited a significantly reduced ability to interact with ERα ([Fig. S5](#s0145){ref-type="sec"}B). It also lost the ability to enhance ERα stability ([Fig. S5](#s0145){ref-type="sec"}C). Ubiquitination assay indicated that TRIM11-2CA did not promote ERα mono-ubiquitination and inhibit K11-, K27- and K48-linked ERα polyubiquitination ([Fig. S5](#s0145){ref-type="sec"}D--H). Collectively, these results demonstrate that TRIM11 regulates ERα via a direct protein--protein interaction that involves the AF1 domain of ERα and the RING domain of TRIM11.Fig. 5TRIM11 increases the mono-ubiquitinated ERα while decreases K11-, K27- and K48-dependent polyubiquitination on ERα protein. (A-I). HEK293 cells were transfected with 2 µg Flag- ERα plasmid, 0.5 µg Myc-TRIM11 plasmids, and 0.5 µg HA-K6, -K11, -K27, -K29, -K33, -K48, -K63, -K0 or -Ub plasmids. The cell extracts were immunoprecipitated with HA antibody. The specific polyubiquitinated and mono-ubiquitinated ERα were detected via western blotting analysis. (J). TRIM11 depletion decreases ERα mono-ubiquitination in MCF7 cells. MCF7 cells were transfected with siTRIM11 or siControl. After 48 h, cells were treated with 10 µM MG132 for 6 h, cell lysates were prepared for western blot analysis and anti-HA antibody was used to detect mono-ubiquitylated ERα.Fig. 6TRIM11 increases the mono-ubiquitinated ERα and decreases K11-, K27- and K48-dependent polyubiquitination on ERα protein via its RING domain. (A-E). HEK293 cells were transfected with 2 µg Flag-ERα plasmid, 0.5 µg Myc-TRIM11 or its deletion mutant plasmids, and 0.5 µg HA-K11, -K27, -K48, -K0 or -Ub plasmids. The cell extracts were immunoprecipitated with HA antibody. The specific polyubiquitinated and mono-ubiquitinated ERα were detected via western blotting analysis.

Discussion {#s0115}
==========

ERα plays a central role both inside and outside the nucleus during the signal transduction which was firstly cloned from MCF-7 cell in 1985 [@b0085]. Over 70% of breast cancers are ERα positive, which depends on ERα signaling for cell growth. ERα is a suitable target for breast cancer therapy. For ERα positive breast cancer patients, selective estrogen receptor modulators, such as tamoxifen, are standard endocrine treatment. However, endocrine resistance is one important issue in breast cancer therapy. The activity of ERα is mainly regulated by E2 hormone, however, growth factors including IGF and EGF could also promote its activity [@b0090]. ERα is recruited on the enhancer and promoter sequences of its target genes in response to E2 hormone in breast cancer cells to facilitate their transcription. ERα co-regulators are also important during the development of breast cancer. Coactivator complexes facilitate transcription and corepressor complexes inhibit gene expression through opening or compacting chromatin [@b0095], [@b0100], [@b0105]. In addition to the coregulators of ERα, other mechanisms such as posttranslational modifications which regulate the stability of ERα, also act as important regulatory factors of ERα function [@b0110], [@b0115]. Modulating ERα protein stability could be one plausible strategy to overcome endocrine resistance. In general, there are 4 main types of E3 ligases: HECT, RING-finger, U-box and PHD-finger families [@b0120]. Previous studies reported several ubiquitin ligases such as CHIP, BRCA1, BARD1, E6AP, MDM2, and SKP2 were involved ERα protein degradation [@b0125], [@b0130], [@b0135], [@b0140], [@b0145]. Interestingly, the ubiquitination of ERα does not necessary lead to proteasomal degradation. For example, TRIM56 is found to promote ERα stability via K63-linked ubiquitination [@b0050]. Mono-ubiquitination could confer ERα stability by inhibiting its polyubiquitination and degradation [@b0150]. RNF8 stabilize ERα through inducing its mono-ubiquitination [@b0035]. RNF31 and SHARPIN also acts as E3-ubiquitin ligases that associate with ERα and induce its mono-ubiquitination to block the polyubiquitination, thus increasing its protein stability [@b0040], [@b0045]. Polyubiquitination and mono-ubiquitination compete to modify to ERα to regulate its stability, and mono-ubiquitination of ERα is more likely to confer its stability and enhance estrogen signaling in breast cancer cells.

TRIM11 is an E3 ubiquitin ligase and belongs to the TRIM family. The oncogene role of TRIM11 has been reported in a variety of human cancers, including glioma, lung cancer and hepatocellular carcinoma cancer [@b0055], [@b0060], [@b0065], [@b0070]. In breast cancer, TRIM11 is also a crucial proto-oncogene, depletion of TRIM11 dramatically reduced the proliferation in different types of breast cancer cells [@b0155]. While the underlying mechanisms are poorly investigated. Here, by analyzing the commercial tissue microarrays, we found positive correlation between TRIM11 and ERα protein levels. Kaplan--Meier survival curves with log-rank test demonstrated that high expression of TRIM11 was associated with poor prognosis. Analysis of online available datasets (TCGA, GSE6532 and GSE9195) also indicated that TRIM11 was an unfavourable prognostic marker. We then investigated the biologic functions of TRIM11 in breast cancer. Depletion of TRIM11 in ER-positive breast cancer cell lines (MCF7 and T47D) significantly suppressed cell growth and migration. And the suppression effects were reversed by overexpressing ERα. RNA-seq results suggested that TRIM11 may play an oncogenic role through ERα signaling pathway. Silencing TRIM11 could significantly decrease ERα protein level. As TRIM11 is an E3 ubiquitin ligase, we further analyzed whether TRIM11 could directly bind to ERα and modulate its protein stability. Upon inhibition of protein synthesis by cycloheximide, TRIM11 depletion significantly decreased ERα protein stability in MCF7 and T47D cells. Co-IP and ubiquitination assay indicated that the RING domain of TRIM11 interacted with the AF1 domain of ERα, and promoted ERα mono-ubiquitination. TRIM11-2CA exhibited a significantly reduced ability to interact with ERα and lost the ability to enhance ERα stability. Collectively, TRIM11 regulates ERα via a direct protein--protein interaction that involves the AF1 domain of ERα and the RING domain of TRIM11 and this stabilization effect may depend on its mono-ubiquitination modification.

ERα can be modified by both mono-and polyubiquitination, while the two modification are dissimilar. Polyubiquitination is often associated with the degradation of ERα, However, mono-ubiquitination of ERα modulates its DNA-binding activity, its stability, and its interactions [@b0160], [@b0165], [@b0170]. Competition between mono-ubiquitination and polyubiquitination may exist, as the sites for these modifications appear to be the same. Thus, mono-ubiquitination confers ERα stability by inhibiting its polyubiquitination [@b0170]. Besides, acetylation and methylation of the lysine residues responsible for mono/polyubiquitination may affect its stability as well [@b0175], [@b0180], [@b0185], [@b0190]. Some ER-positive breast cancer patients develop acquired resistance to endocrine therapy, while underlying mechanisms have not been completely defined yet. ERα stability may promote endocrine resistance in ER-positive breast cancer. When ERα stability is enhanced, its turnover is affected and levels of ERα are sustained. Sustained levels of ERα may stimulate persistent extranuclear and nuclear signaling associated with endocrine resistance and alter crosstalk between pathways, generating new signaling routes that promote the progression of this cancer [@b0150]. In this case, a better understanding of potential mechanisms that promote as well as inhibit polyubiquitination and degradation of ERα may be crucial for preventing resistance to endocrine therapy. Hence, mechanisms underlying ERα stability may be targeted in the development of new therapeutic strategies as well as indicators of endocrine therapy selection.

Conclusion {#s0120}
==========

In the present study, we noticed that TRIM11 was possibly to enhance ERα stability. The RING domain of TRIM11 interacted with the N terminal of ERα in the cytoplasm and promoted its mono-ubiquitination, while inhibited K11-, K27- and K48-linked polyubiquitination. Due to the central role of ERα signaling in breast cancer proliferation, post-translational modification of ERα protein could be an approach to restore endocrine resistance and inhibit breast cancer cell progression. In all, TRIM11 could be a promising therapeutic target for breast cancer treatment.
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